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Abstract 
Purpose 
The cyclin-dependent kinase regulatory protein Cables family, abbreviated as Cables (Cdk5 
and Abl enzyme substrate), has two members in mammals, designated as Cables1 and Cables2. 
Numerous previous studies showed that Cables1 has an important part in cell proliferation and 
cancers or playing as a mediated regulator protein in the nervous system in mammals and essential 
for embryonic neural differentiation in zebrafish embryo. Cables2 was firstly cloned by 
cross-hybridization with Cables1. Up to date, there are only two reports about Cables2 function in 
vitro which demonstrated Cables2 associates with Cdk3, Cdk5 and Abl (Sato et al., 2002), and 
both p53-mediated and p53-independent apoptotic pathways are related with Cables2 by cyclin 
box domain activity in C-terminal and in comparing with those of Cables1 (Matsuoka et al., 2003). 
Recently, our group found that truncated Cables1 causes the agenesis of the corpus callosum and 
wild-type Cables1 contributes to callosal formation (Mizuno and Tra et al., 2014). Notably, the 
Cables1-null mutant mice are alive with undetectable abnormal phenotype in mouse brain tissues. 
The effect of Cables1 dysfunction in null mutation may be masked by a redundant function of 
Cables2 in callosal development. Cables2 is demonstrated to be widely expressed at equivalent 
levels in mouse tissues, including brain, however no previous study has been reported about 
Cables2 function in animal model. To elucidate the role of Cables2 in vivo, I generated 
Cables2-deficient mice and found that Cables2 deficiency caused early embryonic lethality. In 
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addition, whole-mount in situ hybridization (WISH) revealed that distal visceral endoderm (DVE) 
and primitive streak formation were impaired in Cables2-deficient embryos. These results suggest 
that Cables2 has essential function and require further investigation to reveal understanding about 
Cables2 function in early mouse development. 
 
Materials and methods 
Animals and husbandry 
Animal experiments were carried out in a humane manner with approval from the 
Institutional Animal Experiment Committee of the University of Tsukuba; in accordance with the 
Regulations for Animal Experiments of the University of Tsukuba; and Fundamental Guidelines 
for Proper Conduct of Animal Experiment and Related Activities in Academic Research 
Institutions under the jurisdiction of the Ministry of Education, Culture, Sports, Science, and 
Technology of Japan. 
Generation of Cables2-deficient mouse 
The targeted embryonic stem cell (ESC) clone Cables2tm1(KOMP)Vlcg was purchased from 
KOMP (project ID VG1608, clone number: 16085A-D3).  
Cell culture 
Mouse embryonic stem cells (ESCs) and 293FT cells were cultured and utilized for 
experiments. 
Whole-mount in situ hybridization (WISH)  
The following probes were used: Bmp4, Brachyury (T), Cer1, Lim1, Nanog and Wnt3.  
Histology, EdU and TUNEL assay 
 
Results 
1. Expression of Cables gene family during early mouse development 
The RT-PCR analysis indicated that both Cables1 and Cables2 were expressed in mouse 
ESCs, blastocysts and mouse embryonic day 7.5 (E7.5). The WISH analysis showed that Cables2 
was expressed ubiquitously during early development, particularly at the gastrulation stage in 
mouse embryo.  
2. Early embryonic lethality of Cables2-deficiency 
While the heterozygotes were viable and fertile, no homozygous Cables2-deficient mice 
were generated by intercrossing heterozygous mice. The expression timeline, survival rate, and 
Mendelian ratio of Cables2-deficient embryos indicate that embryonic lethality is due to loss of 
Cables2. 
3. Defective morphology and histology of Cables2-deficient embryos at the gastrulation 
stage 
At E8.5, Cables2-deficient embryos were markedly smaller and showed poor development. 
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Wild-type embryo at E7.5 showed a well-organized structure at the neural plate stage with the 
allantois bud and embryonic cavities, however, both the extra- and embryonic regions were smaller 
in Cables2-deficiency, which could be clearly distinguished from other embryos in the same litter 
at E7.5. The Cables2-deficient embryos at E6.5 showed the unclear abnormal phenotype 
histologically compared with the others. These data suggest that homozygous Cables2 mutants 
have disrupted development for gastrulation.  
4. Normal cell proliferation and death status in Cables2-deficient embryos 
EdU and TUNEL analyses suggested that cell proliferation and apoptotic cell death are not 
the main causes of Cables2 embryo lethality. 
5. Impaired anterior-posterior (A-P) axis specification and primitive streak formation 
in Cables2-deficiency 
The Cables2-deficient embryos exhibited the impaired expression of T and Wnt3 throughout 
the proximal epiblast suggesting that Cables2 is required for the proper formation of primitive 
streak. While the proximal-distal (P-D) axis was specified normally, the anterior-posterior (A-D) 
axis was defective by the mislocation of Lim1 and Cer1. Taken together, the results of WISH 
analyses indicate that Cables2 depletion impairs the correct anterior visceral endoderm (AVE) 
localization and leads to defective primitive streak formation at the gastrulation stage. 
 
Discussion & Conclusion 
In this study, I demonstrated that Cables2 was expressed ubiquitously during early 
embryonic development and that disruption of the Cables2 gene caused embryonic lethality in 
mice. The resulting impaired A-P axis specification led to defective primitive streak formation at 
E6.5. Interestingly, Wnt3 and T, targets of Wnt/β-catenin signalling in gastrulation, showed 
impaired expression in Cables2-deficient embryos. Taken together, the lethality in mouse embryos 
at the gastrulation stage indicates an essential function of Cables2 in early mouse development. 
My study is the first evidence for the functional role of Cables2 in vivo, and may contribute to the 
molecular understanding of the native functions of the Cables gene family. 
